Background: Oleic acid (OA) is an unsaturated free fatty acid (FFA) constituent of
biological responses such as development, 8 differentiation, 9 and carcinogenesis, 10 because they influence post-transcriptional regulation of cognate target gene expression. Differentially regulated miRNAs -such as miR-203, miR-34, miR-31, and miR-125b-are associated with skin development. 11, 12 miR-203 in particular is implicated in the morphogenesis and homeostasis of the skin and its appendages. 11 miR-203 is upregulated during epidermal development and is involved in keratinocyte differentiation because it represses the expression of p63, a cell cycle regulator. 13 Therefore, we hypothesized that OA induces keratinocyte differentiation via the upregulation of miR-203 expression.
The purpose of this study was to determine whether OA promotes keratinocyte differentiation in neonatal human epidermal keratinocytes (HEKn) under sub-confluent conditions, and to elucidate the underlying mechanism. We initially determined whether OA induces keratinocyte differentiation. We also determined whether OA-induced keratinocyte differentiation is dependent on the upregulation of miR-203.
| MATERIALS AND METHODS

| Reagents and antibodies
Palmitoleic acid and OA were obtained from Sigma-Aldrich Co. Ltd. 
| HEKn culture
We grew human primary epidermal keratinocytes from neonatal foreskin samples (HEKn; Invitrogen, Carlsbad, CA, USA) in EpiLife medium supplemented with 100 U/mL penicillin, 100 mg/mL streptomycin, 250 ng/mL amphotericin B, 60-lmol/L calcium, and human keratinocyte growth supplement (HKGS; Cascade Biologics, Invitrogen). The cells were passaged using TrypLE Select (Invitrogen) and then treated with trypsin neutralization solution (Invitrogen). Cells beyond passage 5 from the initial culture were not used in the study.
The cells were plated onto 6-well plates and cultivated to 70% confluence in serum-free EpiLife medium supplemented with HKGS. The culture medium was then replaced with serum-and supplement (HKGS)-free EpiLife medium, and the cells were incubated for an additional 24 hour. The cells were then incubated in serum-and supplement (HKGS)-free EpiLife medium containing various concentrations of PTA and OA for the indicated time-periods.
| Cell viability assay
Cell viability was determined using a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) reduction assay in 96-well plates.
Briefly, 10 lL of an MTT solution (5 mg/mL) was added to each well at the designated time. After incubation in 5% CO 2 for 2 hour at 37°C, the medium was removed and 100 lL of acidified isopropyl alcohol was added to each well. After 10 minutes of incubation, 100 lL of distilled water was added to each well, and the optical density of each well at 570 nm was determined using a spectrometer. The data are expressed as the percentage of the untreated control cells.
| Western blotting
The HEKn were treated for 30 minutes with radio-immunoprecipita- 
| Immunofluorescence analysis
The treated HEKn were fixed with 4% paraformaldehyde for 10 minutes, permeabilized with 0.5% Triton X-100 for 10 minutes, and treated with 5% goat serum in phosphate-buffered saline (PBS) for Tokyo, Japan). Fluorescence images were obtained using a Zeiss confocal microscope (LSM 510 META; Thornwood, NY, USA).
| Statistical analysis
All results are expressed as the mean AE standard deviation (SD) of data from at least three experiments. Statistical significance was determined via Student's t-test for two independent samples; P < .01 or P < .05 were taken to denote statistical significance.
| RESULTS
Unsaturated fatty acids such as PTA and OA induce abnormal keratinization. 11 We initially determined whether the unsaturated fatty Figure 3A and B) and protein ( Figure 3C ) levels of keratin 10 and involucrin had increased in a manner that was dependent on the dose of OA. Consistent with the levels of keratin 10 and involucrin in the OA-treated cells, treatment with OA for 3 days increased the number of keratin 10-and involucrin-positive HEKn (Figure 4 ). These results suggest that OA induces keratinocyte differentiation.
Furthermore, 3 days after treatment with OA, the middle regions of the OA-treated HEKn colonies appeared to be stratified, as suggested by birefringent light scattering ( Figure 5 ). Keratinocyte differentiation is associated with cytoskeletal changes. 14 Therefore, we determined whether OA induces cytoskeletal changes such as actin cytoskeleton remodeling, cell planar polarity, and cell-cell adhesion.
As shown in Figure 6 , treatment with OA for 3 days induced the concentric ring organization of actin (shown by phalloidin), caused a loss of planar polarity (shown by vinculin and paxillin), and increased localization of E-cadherin at cell-cell contacts in HEKn.
miR-203 triggers keratinocyte differentiation by repressing the expression of p63. 13 Therefore, we determined whether OA induces the expression of miR-203 in HEKn. We found that 3 days after OA treatment, the expression of miR-203 in HEKn had increased in a manner that was dependent on the dose of OA ( Figure 7A ). Furthermore, consistent with the expression level of miR-203, treatment with OA reduced the expression of p63, a target of miR-203
( Figure 7B ). to abnormal keratinization and epidermal hyperplasia, and subsequently inducing scaly skin in hairless mice. 6 Oleic acid exists naturally in its esterified form in many vegetable oils-such as olive, peanut, tea seed, and pecan oils-as well as in animal fats, and frequently constitutes more than 50% of the total fatty acid concentration. 15 OAs are obtained by the hydrolysis and fractionation of vegetable or animal fats and oils. They are primarily used as intermediates for producing alkali salts, which are in turn used as emulsifiers, emollients, and lubricants for various cosmetic creams, cakes, soaps, and pastes. 16 Moreover, OA is a component of many skincare items used for moisturizing, hair growth, anti-aging, Unsaturated fatty acids increase intracellular Ca 2+ levels in keratinocytes, leading to abnormal follicular keratinization. 6 In the present study, we could not rule out the possibility that OA induces keratinocyte differentiation by increasing intracellular Ca 2+ levels. 
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